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(57) Abstract 

The invention relates to a process for the production of charged polyurethanes comprising reacting isocyanate groups of a 
polyisocyanate with hydroxyl groups of alcohols comprising (i) a first alcohol selected from one or more diols containing at least 10 
carbons atoms; (ii) a second alcohol selected from alkylene diols having not more man 8 carbon atoms, alkyleneoxy diols having not more 
than 8 carbon atoms, polyols, and mixtures thereof; (iii) a third alcohol selected from (a) diols containing a charged group or atom, (b) 
diols containing an uncharged group or atom capable of charge formation and at least partially converting the uncharged group or atom 
into a charged group or atom, (c) polyols and further reaction of one or more hydroxyl group derived from the polyol with a compound 
containing a charged group or atom or a compound containing an uncharged group or atom capable of charge formation and at least partially 
converting said uncharged group or atom into a charged group or atom, and mixtures thereof. TTie invention further relates to charged 
polyurethane obtainable by the process, an aqueous dispersion thereof and the use thereof in a method of surface-treating a material in 
sheet or web form by applying the charged polyurethane to the surface of the material. 
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IONIC POLYURETHANES 



Pifildofthe Invention 
This invention relates to charged polyurethanes, aqueous dispersions of 
5 charged polyurethanes, a process for their preparation and their use as additives in the 
manufacture of paper. 

Rark ground of tha Invention 
It is known in the art to use charged polyurethanes as external and internal sizing 
agents in the manufacture of paper. For instance, U.S. Pat. No. 3,971 ,764 discloses sizing 
10 agents based on cationic polyurethanes prepared by (i) reacting an aliphatic diol hav.ng an 
aliphatic substituent with at least 10 carbon atoms with a polyisocyanate to form a pre- 
polymer with terminal isocyanate groups which is subsequently reacted with (ii) a d,ol 
containing a tertiary nitrogen atom which is subsequently converted into the corresponds 
ammonium compound, or (Hi) a diol containing a nitrogen atom previously converted ,nto 
15 the corresponding ammonium compound. Similarly. U.S. Pat. No. 4,096,127 discloses 
sizing agents based on anionic polyurethanes prepared by step 0) above followed by 
reacting the obtained prepolymer with (iv) an aliphatic diol containing an acid group 
capable of salt formation and at least partially converting the acid group into a salt by 
reaction with a base, or (v) an aliphatic diol which carries a salt group. U.S. Pat. No. 
20 4 777 224, also discloses sizing agents based on anionic polyurethanes prepared by 
sieps (i) (iv) and (v) above and with the additional use of a polyether compound wrth at 
least one OH group. Polyurethanes of these types generally result in good sizing response 
using low dosages of sizing agent However, there is still a need for sizing agents based on 
charged polyurethanes with improved sizing, stability and application properties. 
25 It is accordingly an object of this invention to provide charged polyurethanes and 

aqueous dispersions thereof with improved sizing, stability and application properties. 
Further objects will appear hereinafter. The objects of the invention are achieved by a 
process for the production of charged polyurethanes. charged polyurethanes obtainable 
by the process, aqueous dispersions of charged polyurethanes and the use thereof, as 
30 further defined in the claims. 

Summary of the Invention 
The present invention- relates to a process for the production of charged 
polyurethanes which comprises reacting a polyisocyanate with alcohols comprising (i) a first 
alcohol selected from one or more diols containing at least 10 carbon atoms; (ii) a second 
35 alcohol selected from alkylene diols and alkyleneoxy diols containing not more than 8 
carbon atoms, polyols, and mixtures thereof; (Hi) a third alcohol selected from (a) diols 
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containing a charged group or atom, (b) diols containing an uncharged group or atom 
capable of charge formation and at least partially converting the uncharged group or 
atom into a charged group or atom, (c) polyols and further reaction with a compound 
containing a charged group or atom or a compound containing an uncharged group or 
5 atom capable of charge formation and at least partially converting the uncharged group 
or atom into a charged group or atom, and mixtures thereof. 

retailed Description of the Invention 
The present invention generally relates to a process for the production of charged 
polyurethanes and charged polyurethanes obtainable by the process. The process 
10 comprises reacting isocyanate groups of a polyisocyanate with hydroxy, groups of d- 
and/or polyhydric alcohols comprising (i) a first alcohol selected from one or more d.ols 
containing at least 10 carbon atoms; (ii) a second alcohol selected from a.kylene diols 
containing not more than 8 carbon atoms, alkyleneoxy diols containing not more than 8 
carbon atoms, polyols, and mixtures thereof; (Hi) a third alcohol selected from (a) d.ols 
15 containing a charged group or atom, (b) diols containing an uncharged group or atom 
capable of charge formation and at least partially converting the uncharged group or 
atom into a charged group or atom, (o) polyols and further reaction of one or more 
hydroxyl groups of the polyol with a compound containing a charged group or atom or a 
compound containing an uncharged group or atom capable of charge formation and at 
20 least partially converting the uncharged group or atom into a charged group or atom, and 
mixtures thereof. 

Charged polyurethanes encompassed by this invention comprises polyurethanes 
containing anionic and/or cationic groups, thereby forming anionic, amphoteric and cationic 
polyurethanes. According to the present invention there is provided anionic, amphotenc and 
25 cationic polyurethanes with outstanding properties. Aqueous dispersions of the present 
charged polyurethanes provide improved sfeing which means that lower levels of smng 
agent can be used to give a corresponding sizing effect, thereby leading to cost reduct.on 
and economic benefits. Further characteristics observed with the dispersions of charg d 
polyurethanes of this invention include less foaming, very good or improved stability, 
30 compatibility, glueability, sizing response and coating performance over a broad P H range 
and when used in surface sizing, precoating and coating applications in combination w.th 
conventionally used components, e.g. electrolytes, starch and derivatives thereof, pig- 
ments, other synthetic polymers, etc., as well as improved toner adhesion and .nk jet 
properties. 

35 The process of this invention can be carried out in several ways. It is possible to 

react the polyisocyanate with the first, second and third alcohols simultaneously, i.e. in a 
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so-called one-shot process. For instance, this mode of operation can be employed when 
using as the third alcohol (b) a did containing an uncharged group or atom capable of 
charge formation, where charge formation suitably takes place when the polyurethane 
has been formed. However, it is generally preferred to carry out the process as a two-step 
5 or three-step process, for example by introducing the alcohols one after another into the 
process for reaction. The terms "one-shot process", "two-step process" and "three-step 
process", as used herein, refers to processes where the alcohols are introduced into the 
reaction medium for reaction essentially simultaneously, in two steps and in three steps, 
respectively. Running the process in at least two steps makes it possible to react the 
10 polyisocyanate with the alcohol(s) initially introduced into the reaction medium so as to form 
a preliminary adduct or prepolymer with isocyanate group(s). usually in a terminal porton. 
and chain-lengthening the preliminary adduct by reaction with the alcohol(s) subsequently 
introduced into the reaction medium, the latter a.coho.(s) functioning as a chain-extender, 
or chain-lengthening agent, or branching agent. Preferably the first and second alcohols are 
15 introduced into the process for reaction before introducing the third alcoho. into the process. 
The first alcohol can be introduced into the process before, simultaneously with or after the 
second alcohol. In a preferred embodiment of the invention, the polyurethane is prepar d 
by reacting the polyisocyanate with the first alcoho. to form a preliminary adduct hav,ng 
terminal isocyanate groups; chain-lengthening the preliminary adduct by reaction with the 
20 third alcohol, and optionally converts of any uncharged groups or atoms as defined 
above so as to render the polyurethane charged, wherein the second alcoho. m the 
course of the process is introduced for reaction, for examp.e as defined above. 
Generally, when using a third alcoho. of the type (b) or (c). which requires one or more 
additional reaction steps in order to introduce a charged group or atom, it is generally 
25 preferred to prepare the polyurethane by first reacting the isocyanate groups of the 
polyisocyanate with the hydroxy, groups of the first, second and third a.coho.. and then 
conducting any additiona. step(s). e.g. reacting the product obtained with a compound 
containing an uncharged group or atom capable of charge formation and converting an 
uncharged group or atom into a charged group or atom. However, such additional step(s) 
30 may also be earned out earlier in the process, for example before introducing the last 

alcohol into the process. 

In the process of this invention, the alcohol termed "first alcohol" is a diol. or d.hyd- 
ric alcohol, containing at least 10 carbon atoms. The first alcoho. can be selected from ali- 
phatic and aromatic diols. preferably aliphatic diols. The term "aliphatic", as used here.n. 
35 refers to an essentially hydrocarbon structure apart from designated functional groups, 
which hydrocarbon structure may be interrupted by one or more heteroatoms. e.g. oxygen 
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and nlbogen and/or one or mo* gre^s chaining he.oroa.oms. e.g. carbonyl and acytoxy 
"torm "aroma*,, as used nerein, refers «o an arom*. essenba»y hyd^ 
n^an M. dashed MM. group., which hydrocarbon — may .. 
ZZZ» - or more hefematoms. a,- oxygen and nfrogen, and/or one or ™- 
'tl oon Jning heferoatoms. e.g. cartony, and acytoxy groups. Surtable M alcohols 
i: ^LoLar we*, polymenc dtois. e.g. polyestor, pother anc I po,ybu,ad«ne 
non-polymenc d,ol, preferably non-po*medc dtofe. Prefened M *** 
toll aliphabc dtols Having an aliphahe e^in subs«uen,. Mph* d,o,s carry* an 

, chain oonnecang «. <wo hydroxy! groups, i.e. in t. main cham, and preferred *M. 
!T I s Indude aixyfenes and diamines. The alpha* subs«uen, may co*m 
Tm 1, 3u lab,, a. leas, ,0 and prefer mom 10 ,o 22 ca,bon atoms. Preferred firs. 
SIT 2 riced from *h,,o d«s ha^g an aliph* subs 6 ,uen, * a. fees. 
Hal atoms. When <he main chain confeins a he.eroa.om which ,s nfrogen ^ 
,5 plfened M «» nitoogen carnes me allpfrabc subs«uent Examples of Sudani. M 
Crlude fatty acid monoesfers of biofe such as giyoeroi. mmemylofemane and m- 
^1 Ze^g. monostoarafes. monobehenafes. monopaWatos and monooleatos 
:X"r: dfcomenc es.erdfe, such as diesfer dioi, e.,^ 

lied bv reading a dicarboxyfc add. e g adipio acid. w«h a molar excess of a <tt e.g. 
,n Trn iril^ie— ".es. e.g. N.sfearyPdfed.anoiamine; branched dna,n 

almls. e.g. N.N-b,s (fr hvdrox S emyi,s.eary,amk.e. Giycero, mono^fe ,s 
prefened. Exampfes o, aroma* diofe « can be used indude .sphenc, A. 
Mixtores comprising .wo or more firs, alcohc* can aiso be used. 
25 .n me process of mis invenSon. ttre aicohoi termed -second alcohol can be low 

mofecula, we*m did. or dihydric atooho,. having no, more man 8 carbon, The d,o can be 
Til Jalxyfene diofe. e.g. a*y,en. g,yool. propy.ene glycol, 1.4-bu.aned,ol and 
Xfeneoxy diols, e.g. dfe«,yfene glycol. bieihylene glycol. --■*«• 
£ and dlpropyfene gfyooll and mlxUrres .hereof. Preferred dlofe Include e<hylene 

30 ss - *■* * - con,a,n from 2 ,o 6 "T r « 

Ife rab ,» from 2 to 4 carbon atoms. Al.ema.ive*. or addibonally. M alooho, fenced 
CT-Lr can be a polyel. or polyhyddc alcoho, I* an atooho, w» a. leas, -hree 
hZxy, groups. Preferac* Ure po*o, h aiiphaao Usuaily I. pdyol confems from 3 , 
tl atoms, nofeb,, no, more man 8 carbons. Sulfeble po*ola *«* 
35 llycero, blmemyfe, e,hana. mmemylo, propane, and pemaefylhntoi. Preferred polyofc 
!S— . lamy-d pmpane and penfeeryd*,. Among «. poiyofe. . is general* 
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purred to use M and tetrads, preferebf, Mote. The second atohol should sutet*' 
b free from charged 9 roups and atoms and also free from groups and atoms capable of 
charge formation. 

,„ the process of this invention, the alcohol termed -third alcohol Is a d,c4. or 
5 dihydrlc alcohol, which is char 8 ed or capable of charge formation, or a polyol, or 
polyhydrlc alcohol, capable of further reaction and. optionally, subsequent charge 
Lation. Matures o. third alcohols can also be used. Preferably me third alcoho . an 
aliphatic compound. It Is further generally preferred that the third alcohol is a d,ol. In 
prcfered embodiment of me invent, the process leads to the formation of a 
,0 polyurethane which is anionic in nature. In another preferred embodiment of the 
Lerdion. me process leads to the formation of a polyurethane which ,s catorac m 
nature In yet another preferred embodiment of the invention, the process leads to the 
formation of an amphoteric polyurethane which, in turn, may be anionic or catronrc n 

„ natUre ' Accordingly, the third alcohol can be selected from (a) a dlol containing a 
charged group or atom, i.e. an anionic or clonic group or atom. In the process after 
reaction with the polyiaocyanate or a preliminary adduct having Isocyanate group(s). this 
wpe o( did produces a charged prepolymer or polyurethane. Examples of anionic group. 
„ atom, that can be present In the dio. include carboxylate. phosphate and sulfonate 
20 groups, prefer, carboxyla.es. which can be obtained by neutralfcing a d,o, havrnfl a 
carboxylic add or sulfonic add group, such as the monoester reaction products of tools 
(usually tnmethylolethane. frimemylolpropane, glycerol) and dlcarboxylic add. or 
anhydrides thereof (usually sucdnic add or anhydride, terephthafc add or anhydnd ) 
like glycero. monosucdnate. glycerol monoterephthalate. thmethylolpropane mono- 
26 sucdnate. trimethylolpropane monoterephthalate, N,N-bis.(hydroxyethyl)-glydne, *. 
(hydroxymethyl)propionic acid. N.N-bis-(hydroxyeth,l)-2-aminoethan.sulfonio acrd, and 
the like by reaction with a base, such as an alkali metal hydroxide, e.g. sodium 
hydroxide, or an amine, e.g. thethylamlne, thereby forming an alkali metal or ammonrum 
counter-ion. Examples of caUonlc groups or atoms mat can be present to the did includ 
30 eadonlcally charged sulfur, phosphorous and nitrogen, e.g. in me fern, of sulfon«™ 
S^upa, phosphonium groups and ammonium groups like add add*ion sate of pnm»y, 
secondary and tertiary amino groups and quaternary ammonium groups, preferably 
ammonium groups and most preferably acid addition sa«s of tertiary amino groups and 
patenter, ammonium groups. Examples of suitable cationic diois (a) indude acid 
M addidon sa«s and quatemfcation products of N-alkandio, dialkylamines and N-alky. M» 
nolamlnes like t^mpanediol-Mimethytemine. N-memyl d»thanolamin , N^hy. d,- 
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ethaholamin , N-propyl dlethanolamine. N-nLtyl dlethanolamine and N-t-butyl diethanol- 
amine N-stearyl dlethanolamin and N-methyl dipropanolamine, preferably N-alkyl 
diemanolamines in which th alkyi groups contain 1 to 4 carbon atoms, in particular N- 
methyl dlethanolamine. The acid addition salts can be derived from acids, such as form,c 
5 acid hydrochloric acid, suKuric acid. etc.. and the quaternization products can be denved 
from alkylating agents like methyl chloride, dialkyl sulfates, e.g. dimethyl sulfate, benzyl 
halides eg benzyl chloride, epihalohydrins. e.g. epichlorohydrin. and alkylene ox.des, e.g. 
ethylene oxide and propylene oxide. Examples of suitable diols containing a cationic group 
are disclosed in Internet Pat. Appl. Pubi. No. WO 97/45395 and US Pat. No. 5.561.187. 
10 the teachings of which are hereby incorporated herein by reference. 

Alternatively, or additionally, the third alcohol can be selected from (b) a d.ol 
containing an uncharged group or atom capable of charge formation. In the process 
after reaction with the polyisocyanate or a preliminary adduct having isocyanate group(s). 
this type of diol produces an uncharged prepolymer or polyurethane which is then further 
reacted in order to produce a charged polyurethane by partially or wholly convening the 
uncharged groups or atoms derived from the diol (b) into charged groups or atoms. The 
third alcohol of (b) can be a diol containing a group or atom that can be rendered aroomc 
by reaction with a base. Examples of suitable uncharged groups or atoms of th.s type 
include acid groups like sulfonic acid, phosphoric acid and carboxylic acid groups, usually 
a carboxylic acid group. The anionic charge can be formed by neutralizing the add group 
present in the polyurethane by reaction with a base, such as alkali metal hydroxide, e.g. 
sodium hydroxide, or an amine, e.g. triethylamine. thereby forming an alkali metal or 
ammonium counter-ion. Suitable non-ionic diols (b) that are potentially anionic include the 
m onoester reaction products of triols (usually trimethylolethane. trimethylolpropane. 
glycerol) and dicarboxylic acids or anhydrides thereof (usually succinic acid or anhydnde. 
terephthalic acid or anhydride) like glycerol mcnosuccinate. glycerol monoterephthalate. 
trimethylolpropane monosuccinate and trimethylolpropane monoterephthalate. as well as 
N N-bis-(hydroxyethy.)-g.ycine. di-(hydroxymethy.)-propionic acid. N.N-bis-(hydroxyethyl)- 
2«minoethanesulfonic acid, and the like. Alternatively, the second alcohol of (b) can be a 
diol containing a group or atom which can be rendered cationic by reaction with an acd 
or an alkylating agent. Examples of surtable uncharged groups or atoms of this type 
include sulfur and nitrogen atoms, e.g. in the form of sulfide and amine groups, preferably 
a nitrogen atom, where the nrtrogen can be present as a primary, secondary or tertiary 
amino group, preferably a tertiary amin group. The cationic charge can be formed by 
reacting the uncharged groups or atoms present in the polyurethane with an acid and/or 
alkylating agent, thereby forming cati nic groups or atoms, such as sulfonium and 
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nQ m fl in th e form of acid addition salts (protonated nitrogens) and 

1^)1. - potent ca,ion,c Mud. N.a lk and,o, diamines and M 
!1L ft. 12-propanedio,.3«am*e. N-methy, cfiethanofcmine. N-e«hy. d, 

ST - « famine. pre,e,ab„ N-alkyl diethanoiamines in 
Le aC "roup, certain 1 to 4 car*on atoms. h parser N-.aU,,, «Nn— 
Su.jri. Wuda formic add, h,droch,ohc add. su«udc add. and fhe *e. Su*ab,e 
CI 8 a a* Mude mefh,, ch to dde. M sufiafes. a,. d„eth„ s** be** 
,0 27a, ban,,. cffcdde. - - *- ^ e * 

srn » — - <« . ^ . - *. - - 

acohol is used .. is ganara.1, preferred that ma firs, and sacond aicohote have alraad, 
^ J *• P-ss and thereb, fanned a p« added avtng 

by reacfion w«h the pra.im.nar, adduc. to .onn a pa.vura.hana as wa. as £ 
Lar reacfion with a compound (d, which is raaotrva ,a h,drox,, groups and canons £ 
lntro duces a charged group »r atom, ar an unchargad group or atom cap*, rf «W» 
Nation in the procass, whan .ha pa.,ol (o) has baan incorporated tnto the 

20 r rem a,n,g hydnox,, group denved frcn the po„o. .s reacted Wrt h = uM « 
and opfionaW, an, uncharged groups or atoms capab.e of charge formatton denved 
fi^ m ripound (d) are men at .east parW, converted into charged group, or 
11 UsZme poll (C confers from 3 fo ,0 carbon atoms, notab,, no, more than 

pTTahd pentaervihrtto,. Preferred po„ois indude g^cerd, ,rtmem„o, propane and 
:r^o. Among me po*o,s. . * Purred to use «* and P™*** 
STSL. compounds ,d, .ndude dicarbox„.c adds, dicarboxv,* 
d,loxy.,c add dfiortdes. preferab,, d,carboxy,.c adds and anhvdddes, •"•*-"*-«' 
30 aZdhl Sunaue d,carboxy,,c adds. anh,dddas and add cmodde, can be se^ed 
rem afiphahc and/or aromafic compounds containing at teas, 2 carbon atoms, preferab,, 
Z o 0 carton atoms. e.g. .ucdn,e add and anhydnde. ghrtanc acid and anhydnd. 
la^ c add and anhydrtde. a. wei. as pNM. acid and anh,ddde. When us,n g a 
add or anhydrtde. me reacfion w*h a hydroxy, group o, fine poiyo, (c) .ead 
35 TTZon o. a carboxy, gnoup wh,ch can be convened .nto the correspond^ 
JZm group b, reacfion w* a base, such as an a,Ka„ mate, hydrotdde. e.g. sod.m 
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hydroxide, or an amine, a.g. Iriethylamlne. Accordingly, the use o. .he «M alooho. (c> 
and M compound (d, usually produce anionic groups which may be present ,n amonic 
and amphoteric polyurethanes. 

„ me third alcohol Is a p«d (c). it is generally preferred that the second aicoho. 
5 is selected trom dlols. However, if the mird aicoho, is a polyoi (c) and the second alcoho, 
tealsoapolyCitisprefenedmattheyaredifterentpolyois. Potytsocyanates that 
can be used in the process of mis invention mdude aliphatic, agnatic and mated 
compounds. The term ■poty.ocyanate-. as used he^n refers toa 
compound w* a, feast two isocyanate groups. Among me polyisocyanafes. * ,s genera»y 
10 preferred to use dusocyanates. Where poiyisocyanates contains more man *»° 
isocyanate groups are used, e.g. *oc»ana.es. it is preferred to admix them w* d,«o- 
Zfes. P^ocyanates generally are Known in the ad for exampte 
Encyclopedia of Polymer Science mi Engineering, Vol. 13. Second Ed., 1988. pp. 243 
SoTwl b heteb, incorporated herein by referance. Examples o, suKabfe diisocyanates 
15 le toluene-2.4. and 2,6*ocyana,es. drphe^eu^.^^nafe. h-» 
memylene dilsocyanate. dicydohexyimemane^.^isocyanate. cydohexane-1.«ns=- 
ZL. isophorone dfcocyanale and me *e. I. is afeo possible to use blocxed socya- 

nateSin :iZ"n.Uss, me molar ralloofhy^xy, groups Che** second a. 
20 thrrd afcoho* to isocyanate groups of me po^ocyanate can vary wWn wide M. 
pending on, for example. type of afcohois used, type o, polyisocyanate used Mo 
uLy I moiar raUo ofhydmxyl groups to isocyanate groups is within me range o.from 
06-1to2-1.suitablyfrom0.7:1to1.3:1andpreferablyabout0.9:1to1.1:1. 

Genera., me propose beween me M. second and mird ateoho. used 
25 according to the invention can vary wiWn wide Mh. The process is usualW earned oul 
Lg from abou, 1 to abou, 80 moie% of 0) hydroxy, groups o, me M alcoho,. from about 
1 W about 76 mole% of (II) hydroxyl groups of me second alcohol and from about 0 to 
about 00 mole% of (III) hydroxy, groupa of me third alcohol, me sum of P*~ ° * 
♦ („„ being 100; suHabi, <„ la from 6 to 70 mofe%, 00 is from 2 to 65 mofe% and <„,) - 
30 1 » to 70 mole* and preferaUy (0 is from 10 to 60 mo,e%, (II) is from 3 to 50 mofe% 
1 (III) is from 25 to 60 mofe%. In a praferred embodiment, me firs, alcohol ,a used ,n a 

« hydmxyl groups of me second alcohol and to (II.) hydroxyl groups of the M afcoho. 
are bom greater than 1:1 . Usually these products give improved sizing eftaency. 

The process of this invention can be carried out in conventional manner, for 
example aa disposed in U.S. Pat Nos. 3,971.764, 4.096,127, 4,617,341. 4,777,224 and 
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5 561 187 and Internal Pat. Appl. Publ. No. WO 97/45395, the teachings of wh.ch are ,n- 
corporated herein by reference, except that different reactants are used in this process. As 
isocyanates are susceptibl to nuc.eophi.ic attack and readily react with water, the process 
is preferably carried out in a reaction medium free from water and undesired nucloephiles. 
5 Suitably the reaction is carried out in a water-free inert organic solvent, e.g. acetone, 
optionally in the presence of a catalyst, e.g. diacetoxy-dibutyl-tin. After completed react,on. 
any further reaction can be carried out and the reaction medium can be worked-up .n 
conventional manner. Examples of useful steps include addition of water, acid, and/or 
alkali- evaporation of solvent, and the like. Acid and alkali are often added for format,on of 
10 charged groups in the polyurethane. The polyurethane obtained should suitably be water- 
soluble or water-dispersable, and water can thus be added for formation of an aqueous 
potyurethane dispersion. Usually the polyurethane produced has an average mo.ecu.ar 
weight of at least 500. suitably at least 1 .000. 

The present invention further relates to the aqueous dispersion of charged 
15 polyurethane and the use thereof as an additive in the manufacture of paper. The 
dispersions may contain from about 1 to 50% by weight of polyurethane. suitably from 5 to 
25% by weight. The dispersion may of course be di.uted with water prior to use. The term 
"paper", as used herein, refers to all types of cellulosic products, including paper, board 
and paper board. 

20 In a preferred embodiment, the polyurethane dispersion is used as a tang 

agent The dispersion can be added to the paper making stock (internal sizing agent) or 
applied to the paper surface (externa, sizing agent), preferably to surface size paper. In 
addition to the charged polyurethane, the aqueous composition used for surface s,z,ng 
commonly referred to as sizing liquor, usually contains starch or a derivative thereof. 
25 Pigments may be present in certain applications. The amount of polyurethane added to the 
stock or applied to the paper surface may be from 0.001 to 25% by weight, calculated as 
dry charged polyurethane on dry cellulosic material and optional filler, suitably from 0.01 to 
5% by weight. In another preferred embodiment, the dispersion is used as a component of 
a coating or precoating composition, usually for coating paper. The present coating compo- 
30 sitlon may contain any of the pigments conventionally used in coating and pre-coatmg 
compositions including, for example, kaolin, titanium dioxide, calcium carbonate, chalk, 
aluminum oxide, aluminium silicate, satin white, barium sulfate, silica, talk, calcium sulfate, 
zink oxide, zirkonium carbonate, magnesium carbonate, the contents of which are usually 
at least 20% by weight, based on the coating composition. The amount of disperse of 
35 charged polyurethane present in the coating composition can be from 0.01 to 25% by 
weight, suitably from 0.01 to 8% by weight, calculated as dry polyurethane on dry coatmg 
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composition. The amount ofcoatin, composite coding charged polyurethane app«ed 
,o the paper surface ma, be wWn the ranges descnbed above. calculated as dry charged 
polyurethane on dry cellulosic material and optional filler. 

The present Mention further relates to a process tor surface-treaflng a matenal » 
5 sheet or web form. e.g. paper or polymenc film, by applying to fhe surface o. the material , . 
compose. e.g. an agueous compost, comprising fhe charged polyureTnane descry 
hel. and opflonal* drying the surtace-treafed mafertal fhus ob^ed. The ^compo^ 
which can be a surtace siang composMon. a pigment coating composifron, etc., ,s surtably 
app«ed to the surtace in amounfs descnbed above, calculated as dry potyurelhane on dry 

10 material in sheet or web form. Dartcan H 
The invention is further illustrated in the following non-limit.ng examples. Parts and 
percentages relate to parts by weight and percent by weight, respectively, unless othen.se 
stated. 

Example 1 

A charged polygene according to the invention was prepared as follows: 60.0 
ml (420 mmol) of toluene diisocyanate (hereinafter TDI) were added to a solution of 731 0 
Z mmoO J glycerol monostearate (hereinafler CMS, in 200 g o, 
was beared under reflux for , h In the presence of a ctalyflo amount of ««H» 
dlaoetate Nerd, 3.76 g (40.8 mmot) of glycerol we™ added and heatrng conflnued. 35 
2 0 min later' 17 3 g (129 mmol) of di-(hydroxymeth»l)-prop,onio acid (hereinafter DMPA) and 
2 :;T04.3 mmo„ o, N-methyl-diethanoiamln. (hereinafler N-MDEA, in 200 g aoeren. 
were added. The reaoflon mixture was heated under reflux for additiona. 1 h and then 
.reated with 116 ml of 1 M NaOH (ag) and 1000 m, water. The acetone was evaporated 
in vacuum yielding an agueous dispersion of anionic polyurethane. 

Example 2 

25 A charged polyurethane according to the invention was prepared essentially as in 

Example 1 except thai TDI was added to an acetonic soluflon of bom GMS and glycerol 
L eaflng under reflux for 70 mln, DMPA and tU,DEA were added as above foflowed 
Theaflng L reaoflon mi«ure urrfer reflux for add«onal 2 h. The teflon mod*, was 
30 worked-up as in Example 1 . yielding an agueous dispersion of anionic polyurethane. 

Example! 

A charged potyurethane according to .he invention was prepared —,,» as 
in Example 1 exc*. ma. 5.0 g (54.3 mmcl) of glycerol. 14.8 g (110 mmol) of DMPA, 146 
g (12.3 mmol) of N-MDEA and 100 ml of 1 M NaOH were used. Wortdng-up t, reaoflon 
35 mixture yielded an agueous dispersion of anionic polyurethane. 
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Example 4 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 except that glycerol was replaced with 3.8 g (61.2 mmol) of ethyleneglycol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 
5 Example 5 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 except that glycerol was replaced with 5.5 g (61.2 mmol) of 1 ,4-butanediol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 6 

10 A charged polyurethane according to the invention was prepared essentially as in 

Example 1 except that glycerol was replaced with 7.2 g (61.2 mmol) of 1,6-hexanediol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 7 

A charged polyurethane according to the invention was prepared essentially as in 
15 Example 1 except that glycerol was replaced with 4.7 g (61.2 mmol) of 1,2-propanediol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 8 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 except that glycerol was replaced with 4.2 g (30.6 mmol) of pentaerythritol. 
20 Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 9 

For comparison purposes, a charged polyurethane was prepared following the 
procedure according to Example 1 except that no glycerol was used and the amounts of 
DMPA, N-MDEA and 1 M NaOH were 24.6 g (183 mmol), 2.43 g (20.4 mmol) and 165 
25 ml, respectively. Working-up the reaction mixture yielded an aqueous dispersion of 
anionic polyurethane. 

Example 10 

For comparison purposes, a charged polyurethane was prepared according to 
the teachings of U.S. 4,777,224, as follows: 15 ml (105 mmol) of TDI were added to a 

30 solution of 18.3 g (51.0 mmol) of GMS in 50 g of acetone. The mixture was heated under 
reflux for 1 h in the presence of a catalytic amount of dibutyl-tin-diacetate. Next, 2.85 g 
(21 2 mmol) of DMPA, 2.58 g (21.7 mmol) of N-MDEA in 50 g acetone and 13.8 g (6.89 
mmol) of polyethylene glycol with an average molecular weight of 2000 were added. The 
reaction mixture was heated under reflux for additional 90 min and then treated with 14.4 

35 ml of 1 M NaOH (aq) and 250 ml water. The acetone was evaporated in vacuum yielding 
an aqueous dispersion of anionic polyurethane. 
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Example 11 

A charged polyurethane according to the invention was prepared as follows: 15 ml 
(105 mmol) of TDI were added to a solution of 18.3 g (51.0 mmol) of GMS in 50 g of 
acetone The mixture was heated under reflux for 1 h in the presence of a catalyt.c 
amount of dibutyl-tin-diacetate. Next, 0.94 g (10.2 mmol) of glycerol were added and 
heating continued. 25 min later, 1.97 g (7.65 mmol) of N-MDEA quaternized with 
epichlorohydrin (a hydroxy-functional quatarnary ammonium compound prepared 
according to the teachings of WO 97/45395; hereinafter N-MDEA-ECH) and 
subsequently 3.34 g (28.1 mmol) of N-MDEA in 50 g acetone were added. The 
temperature was increased and the reaction mixture was heated under reflux for 50 m,n. 
The resulting acetonic solution was poured into 27 ml of 1 M HCI (aq) and 250 ml water. 
Acetone was removed in vacuum giving an aqueous dispersion of cationic polyurethane. 

Example 12 

A charged polyurethane according to the invention was prepared essentially as in 
Example 11 except that no N-MDEA-ECH was used and the amounts of N-MDEA and 1 M 
HC. were increased to 4.26 g (35.7 mmol) and 34 ml, respectively. The product obtained 
was an aqueous dispersion of cationic polyurethane. 

Example 13 

For comparison purposes, a charged polyurethane was prepared following the 
procedure according to Example 11 except that no glycerol was used and the amounts of 
N-MDEA and 1 M HC. were increased to 5.17 g (43.4 mmol) and 39 ml, respectively. The 
product obtained was an aqueous dispersion of cationic polyurethane. 

Example 14 

For comparison purposes, a charged polyurethane was prepared following the 
25 procedure according to Example 12 except that no glycerol and no N-MDEA-ECH were 
used and the amounts of N-MDEA and 1 M HCI (aq) were increased to 6.08 g (51.0 
mmol) and 48.5 ml. respectively. The product obtained was an aqueous dispers.cn of 
cationic polyurethane. 

Example 15 

30 Sizing efficiency of the anionic polyurethane dispersions according to Examples 

1-10 was evaluated by means of the Cobb test, using German DIN standard 5312 which 
is a common method in the art. The Cobb*, values correspond to paper absorpt.cn of 
water, expressed in g/m 2 of water take-up after 1 min contact time. 

Sizing liquor containing the polyurethane dispersion was applied with a 

35 laboratory size press to an unsteed base paper. The sizing liquor also contained 5% of 
oxidativeiy degraded starch. 



20 
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the values measured on the sized paper sheets are presented in Table 1, 
where dosage of th polyurethane dispersion (in %) refers to dry anionic polyurethane on 
dry paper. 

Table 1 





Cobbeo 


HOiyuretnane uiopersiun uocu 


0.0/0 70 


n in oa 


n 1*; % 


0 2% 


Example No. 1 




24 


22 


21 


Examole No. 2 


40 


28 


25 


23 


Example No. 3 




26 


22 


21 


Example No. 4 




35 


23 


21 


Example No. 5 




33 


23 


22 


Example No. 6 




36 


24 


21 


Example No. 7 




62 


26 


23 


Example No. 8 




24 


22 


20 


Example No. 9 (comparison) 


88 


75 


34 


28 


Example No. 10 (comparison) 




85 


31 


25 



5 



As can be seen from Table I, the sizing efficiency of the polyurethane 
dispersions of Examples 1 to 8 according to the invention showed significant improved 
sizing efficiency over polyurethane dispersion of Examples 9 and 10 used for 
comparison. 

10 Example 16 

Sizing efficiency of the cationic polyurethane dispersions according to Examples 
11-14 was evaluated as in Example 15. The results are presented in Table 2, where 
dosage of the polyurethane dispersion (in %) refers to dry cationic polyurethane on dry 
paper. 



15 Table 2 



Polyurethane Dispersion used 


Cobbeo 


0.10% 


0.15 % 


Example No. 1 1 


61 


25 


Example No. 12 


79 


27 


Example No. 13 (comparison) 


82 


33 


Example No. 14 (comparison) 


88 


45 
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As can be seen from Table 2, the sizing efficiency of the polyurethane 
dispersion of Examples 11 and 12 according to the invention showed significant 
improved sizing efficiency over polyurethane dispersion of Examples 13 and 14 used for 
comparison. 
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Claims 

1. A process for the production of charged polyurethanes comprising reacting 
isocyanate groups of a polyisocyanate with hydroxyl groups of different alcohols comprising 
(i) a first alcohol selected from one or more diols containing at least 10 carbon atoms; 

5 (ii) a second alcohol selected from alkylene diols having not more than 8 carbon atoms, 
alkyleneoxy diols having not more than 8 carbon atoms, polyols, and mixtures thereof; 
(iii) a third alcohol selected from (a) diols containing a charged group or atom, (b) diols 
containing an uncharged group or atom capable of charge formation and at least partially 
converting the uncharged group or atom into a charged group or atom, (c) polyols and 

10 further reaction of one or more hydroxyl group derived from the polyol with a compound 
containing a charged group or atom or a compound containing an uncharged group or 
atom capable of charge formation and at least partially converting said uncharged group 
or atom into a charged group or atom, and mixtures thereof. 

2. A process for the production of charged polyurethanes according to claim 1, 
15 characterised in that in the production of anionic polyurethanes, the first alcohol 

is an aliphatic diol having an aliphatic side-chain substituent having at least 10 carbon 
atoms. 

3. A process for the production of charged polyurethanes according to claim 1 or 
2, characterised in that the polyurethane is anionic. 

20 4. A process for the production of charged polyurethanes according to claim 1, 

characterised in that the polyurethane is cationic. 

5. A process for the production of charged polyurethanes according to claim 1, 
characterised in that the polyurethane is amphoteric. 

6. A process according to any of the preceding claims, characterised in 
25 that the third alcohol is selected from (a) diols containing a charged group or atom, (b) 

diols containing an uncharged group or atom capable of charge formation, and mixtures 
thereof. 

7. A process according to any of the preceding claims, characterised in 
that the first and second alcohols are introduced into the process for reaction before 

30 introducing the third alcohol. 

8. A process according to any of the preceding claims, characterised in 
that (i) the first alcohol is an aliphatic diol having an aliphatic substituent with at least 10 
carbon atoms; (ii) the second alcohol is selected from diols, triols, tetraols, and mixtures 
thereof; and (ii) the third alcohol is selected from N-alkandiol dialkylamines, acid addition 

35 salts thereof and quatemization products thereof, N-alkyl dialkanolamin s, acid addition 
salts thereof and quatemization products thereof, diols containing a carboxylic acid 
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group, diols containing a carboxylate group, diols containing a sulfonic acid group, diols 
containing a sulfonat group, and mixtures thereof. 

9. A process according to any of the preceding claims, characterised in 
that the process is carried out using from 10 to 60 mole% of (I) hydroxy! groups of the first 

5 alcohol, from 3 to 50 mote% of (II) hydroxyl groups of the second alcohol and from 25 to 60 
mole% of (III) hydroxyl groups of the third alcohol, the sum of percentages of (I) + (II) + (III) 
being 100. 

10. Charged polyurethane obtainable by a process according to any one of 
claims 1 to 9. 

10 11. Aqueous dispersion containing a charged polyurethane according to claim 

10 or containing a charged polyurethane produced according to any of claims 1 to 9. 

12. A method of surface-treating a material in sheet or web form by applying a 
composition to the surface of the material, characterised in that the composition 
comprises a charged polyurethane according to claim 10 or an aqueous dispersion 

1 5 containing a charged polyurethane according to claim 1 1 . 

13. A method according to claim 12, characterised in that the material in 
sheet or web form is a cellulosic product. 

14. A method according to claim 12 or 13, c h a r a c t e r i s e d in that it is a 
surface sizing method which is carried out using an aqueous sizing composition. 

20 15. A method according to claim 12 or 13, c h a r a c t e r i s e d in that it is a 

paper coating method which is carried out using an aqueous pigmented composition. 
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